We investigated phylogeographic relationships among American Mercenaria taxa by assessing variation in a 444 nucleotide fragment of the mitochondrial 16S ribosomal gene in clams sampled from four representative sites in January to November 1994. Three of these sites were in the Gulf of Mexico, one was on the Atlantic coast in South Carolina. Direct sequencing of this amplified gene fragment in 85 individuals revealed 21 haplotypes. Phylogenetic analyses consistently resolved this variation into three well supported clades, and within-clade genetic divergence levels were markedly lower than among-clade values. One of the clades, A, was taxon-specific, in that it solely and exclusively contained specimens of M. mercenaria (Linnaeus, 1758) sampled in South Carolina. The other two clades, B and C, were the most divergent and both encompassed specimens of M. campechiensis (Gmelin, 1791) and of M. campechiensis texana (Dall, 1902), sampled from the three Gulf of Mexico sites. Clade B was found at high frequencies at all three Gulf sites, whereas Clade C occurred at low frequencies at two western Gulf sites. We interpret this pattern as resulting from the secondary contact and introgression of two allopatrically differentiated Mercenaria taxa in the western Gulf of Mexico. Clade C haplotypes may represent relict mitochondrial lineages from original Gulf Mercenaria spp. populations that predate massive mitochondrial introgression by M. campechiensis. We further propose that the M. campechiensis texana
Introduction
Sibling species are by definition difficult or impossible to distinguish based on morphology (Mayr and Ashlock 1991) and are ubiquitous in the marine environment (Knowlton 1993) . Their apparent prevalence among marine invertebrate taxa is due in part to a lack of systematic information, however, prominent among their ranks are members of well-studied genera, e.g., Mytilus (Seed 1992) , Menippe (Bert and Harrison 1988) , Echinometra (Lessios and Cunningham 1990) and Capitella (Grassle 1980) . Morphological similarity among sibling species frequently masks significant levels of genetic divergence, in addition to differences in habitat, physiology, life history and degree of reproductive isolation (Knowlton 1993) .
Despite the taxonomic difficulties posed by these taxa, they represent valuable model systems for investigating speciation processes in marine invertebrates, e.g., how recently derived, presently sympatric, sibling species evolved in taxa with high-dispersal pelagic larvae (Palumbi 1992) . In some well-studied sibling species complexes investigation has focused on the underlying pre-or post-zygotic mechanisms of reproductive isolation operating in sympatry (reviewed by Knowlton 1993; Palumbi 1994) . However, a prerequisite to such speciation studies is the construction of a phylogenetic framework encompassing the species of interest. The paucity of tractable morphological characters reduces the value of available fossil data and results in phylogenetic inferences being based primarily on estimates of genetic difference. A variety of genetic markers are available ranging from protein charge polymorphisms to nucleotide sequence variation in both nuclear and organellar genomes. These various approaches allow phylogenetic inferences to be made from different genetic perspectives and may therefore yield divergent results in some cases (reviewed by Avise 1994; Mitton 1994) .
Two species of the venerid clam genus Mercenaria [M. mercenaria (Linnaeus, 1758); M. campechiensis (Gmelin, 1791)] occur on the east coast of North America. M. mercenaria has a primarily inshore distribution on the Atlantic coast, whereas M. campechiensis is present in the Gulf of Mexico and also in more offshore Atlantic locations as far north as New Jersey (Abbott 1974; Dillon and Manzi 1989a) . Despite the broad range overlap, the two taxa are not often truly sympatric (Menzel 1989), but they hybridize to varying degrees of intensity wherever they co-occur (Dillon and Manzi 1989a; Dillon 1992; Bert et al. 1993; Bert and Arnold 1995) . They can be distinguished on the basis of minor but fairly consistent morphological distinctions (Abbott 1974; Dillon and Manzi 1989a; Menzel 1989) , allozymes (Dillon and Manzi 1989a; Bert et al. 1993) ; mitochondrial DNA restriction fragment length polymorphism (RFLP) (Brown and Wolfinbarger 1989), air exposure tolerance, salinity/temperature tolerance, and growth rates (Menzel 1989) .
Systematic studies of American Mercenaria species are complicated by the presence of distinct regional morphological variation within Gulf of Mexico populations which has been variously interpreted by taxonomists. Eastern Gulf Floridian populations and southern Gulf Mexican populations exhibit typical M. campechiensis shell features, which include thick concentric ribbing that resists erosion (Dillon and Manzi 1989a) . Northwestern Gulf populations of Mercenaria spp. along the Texas coast are morphometrically quite similar to M. campechiensis but differ conspicuously in shell sculpture (Dillon and Manzi 1989b) . The Texas morphotype has thin concentric ribs that easily erode to yield a smooth shell surface, a general feature also found in M. mercenaria (Abbott 1954; Dillon and Manzi 1989b) . Based primarily on differential weighting of shell characters the Texas morphotype has been variously classified as M. campechiensis texana (Dall, 1902) , M. mercenaria texana (Abbott 1954), or as a natural hybrid of M. campechiensis and M. mercenaria (Menzel, 1970) .
The problem in Mercenaria spp. taxonomy is therefore not due to an absence of morphological variation, but to the inferred systematic significance of this variation. Application of genetic markers to American Mercenaria taxa has provided new and somewhat contradictory insights into their phylogenetic relationships. Allozyme variation readily differentiates M. campechiensis from M. mercenaria (Dillon and Manzi 1989a; Bert et al. 1993; Bert and Arnold 1995) Dillon and Manzi (1989b) proposed that the Texas morphotype be referred to as M. campechiensis texana and we adhere to this nomenclature. Mitochondrial RFLP analyses, however, detected "similar degrees of divergence between all three taxa" with indications that M. campechiensis texana may be of multiple maternal origin (Brown and Wolfinbarger 1989) .
A major problem faced by Brown and Wolfinbarger (1989) was the high frequency of mtDNA length heteroplasmy, occurring in up to 89% of individuals in some populations sampled, thereby complicating the interpretation of restriction pattern polymorphisms. In the present study we performed a more detailed analysis of mitochondrial genome diversity among the three American Mercenaria taxa using direct sequencing of a PCR-amplified portion of the 16S ribosomal RNA gene to avoid this difficulty. We included population samples of M. campechiensis from both the southern and eastern Gulf of Mexico, thereby bracketing the M. campechiensis texana region in the northwestern Gulf. Our aim was to obtain a higher resolution understanding of mitochondrial genome diversity among American Mercenaria taxa and to construct a phylogenetic framework that could encompass and integrate the discordant character sets presently available for this sibling species complex.
Materials and methods

Sources of specimens
All 85 North American specimens utilized in this study were adult clams ranging in valve length from 8 to 14 cm. See Fig. 1 for the location of the four sampling sites. A total of 20 specimens of Mercenaria mercenaria (Linnaeus, 1758) were sampled in January 1994 from lower intertidal mudflats of the high-salinity (28 to (Dall, 1902) were obtained from Port Aransas, Texas, in the northwestern Gulf of Mexico during April 1994. This population had previously been characterized allozymically (T.M. Bert unpublished) and, in the present study, the sample was taken from a subtidal (1 to 2 m depth) seagrass bed with a 10% silt clay fraction and a salinity average of 35~o (K. Dunton personal communication). Finally, four specimens of the Asian congener, M. stirnpsoni (Gould, 1861), were sampled from Wakkanai, northern Hokkaido, Japan to serve as an outgroup for phylogenetic analyses. Dillion and Manzi (1989a, b) tested the efficacy of shell characteristics, including lunule shape, degree of ridging, nacre color and
